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ABSTRACT 
 
 
 
 
In this study, micellar electrokinetic chromatography (MEKC) was used for 
the simultaneous separation of three different classes of fungicides. Separations were 
done at 210 nm with on-column UV detection. Two different types of separation 
buffer system (borate and formate) were used. The influence of separation buffer 
concentration and pH, surfactant concentration, separation voltage and addition of 
organic solvents and modifiers on migration time, efficiencies and resolutions were 
investigated. Four fungicides from three different classes viz. carbendazim and 
thiabendazole (benzimidizole), propiconazole (triazole) and vinclozolin 
(dicarboximide) were successfully separated in less than 15 min using both 
separation buffer systems with propiconazole giving two stereoisomer peaks. A 
buffer system consisting of 4 mM borate buffer at pH 10, with 60 mM sodium 
cholate (SC) gave the best separation result. On the other hand, good separation was 
also achieved with a running buffer composed of 20 mM formate buffer at pH 7, 
containing 60 mM SC and 5 mM β-cyclodextrin (β-CD). The limit of detections 
(LODs) of fungicides in borate buffer system were in the range of 9 – 23 ppm and 29 
– 52 ppm for formate buffer system. In an effort to reduce the LODs, two on-line 
preconcentration techniques with formate buffer system were used because of its 
higher LODs. The two on-line preconcentration techniques, sweeping and stacking 
with hydrodynamic (HDI) and electrokinetic (EKI) injection were contrasted. The 
effect of sample matrix, injection time and injection voltage on fungicides separation 
was studied using the two online preconcentration techniques. Using on-line 
preconcentration techniques, height and area sensitivity enhancement factor 
(SEFheight and SEFarea) were found to be between 10 to 99. LODs in the sub-ppm (0.3 
– 4 ppm) level were obtained. At least 10-times improvement in detector response 
was achieved with normal stacking mode MEKC using hydrodynamic injection, 
NSM-MEKC-HDI. The proposed method was applied to the analysis of spiked 
fungicides in lake water samples at 2 – 4 ppm. The recovery was between 46.22 % to 
93.30 % with RSDs of  10 % to 27 %. 
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ABSTRAK 
 
 
 
 
 Dalam kajian ini, kromatografi rerambut elektrokinetik misel (MEKC) telah 
digunakan untuk pemisahan serentak tiga kelas fungisid. Pemisahan dilakukan pada 
210 nm menggunakan pengesan ultra lembayung pada turus. Dua jenis larutan 
penimbal (borat dan format) yang berbeza telah digunakan. Pengaruh kepekatan dan 
pH larutan penimbal, kepekatan surfaktan, voltan pemisahan dan penambahan 
pelarut dan pengubahsuai organik terhadap masa perpindahan, kecekapan dan 
resolusi telah dikaji. Empat fungisid daripada tiga kelas yang berbeza iaitu 
karbendazim dan tiabendazol (benzimidazol), propikonazol (triazol) dan vinklozlin 
(dikarboksimida) berjaya dipisahkan dalam masa kurang daripada 15 minit dengan 
kedua-dua sistem larutan penimbal dengan propikonazol memberikan dua puncak 
stereoisomer. Sistem larutan penimbal terdiri daripada 4 mM penimbal borat pada 
pH 10 dan 60 mM natrium kolat memberikan pemisahan terbaik. Pemisahan terbaik 
juga dicapai menggunakan larutan penimbal 20 mM format pada pH 7 yang 
mengandungi 60 mM natrium kolat dan 5 mM β-siklodekstrin (β-CD). Had 
pengesanan fungisid dengan sistem larutan penimbal borat ialah antara 9 – 23 ppm 
dan 29 – 52 ppm bagi larutan penimbal format. Teknik prapemekatan talian terus 
menggunakan larutan penimbal format telah dikaji dalam usaha untuk menurunkan 
had pengesanan fungisid. Dua teknik prapemekatan secara terus, iaitu sapuan dan 
himpunan mengunakan suntikan hidrodinamik dan elektrokinetik telah 
dibandingkan. Kesan matriks sampel, masa dan voltan suntikan terhadap pemisahan 
fungisid telah dikaji menggunakan dua teknik prapemekatan talian terus. Faktor 
peningkatan kepekaan tinggi dan luas (SEFtinggi dan SEFluas ) antara 10 – 99 telah 
diperoleh. Had pengesanan sub-ppm antara 0.3 – 4 ppm telah diperoleh. Sekurang-
kurangnya 10 kali peningkatan dalam gerak balas pengesan telah diperoleh dengan 
nilai tertinggi untuk semua fungisid diperoleh mengunakan mod himpunan normal 
MEKC secara suntikan hidrodinamik, NSM-MEKC-HDI. Kaedah yang dibangunkan 
telah diaplikasikan untuk analisis fungisid pakuan di dalam sampel air tasik pada 
kepekatan 2 - 4 ppm. Peratus pengembalian fungisid ialah antara 46.22 % hingga 
93.90 % dengan kebolehulangan masing-masing antara 10 % hingga 27 %. 
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CHAPTER 1 
 
 
 
 
SUMMARY OF THESIS 
 
 
 
 
1.1 Background 
 
 
 Micellar electrokinetic chromatography, MEKC is a mode of CE and has been 
used to separate neutral and ionic solutes. Surfactant is used in MEKC to form 
micelles that are used for the analytes separation. Separation of the analytes is 
dependent on the interaction between the analytes with the micellar phase and 
aqueous phase. The more hydrophobic the analytes, the more time is needed to 
separate the analytes.  
 
 
 Numerous works have been done for the separation of pesticides with MEKC. 
Different kind of buffers, surfactants and also modifiers were used to obtain the 
optimum results. From the literature survey carried out, to the best of our knowledge, 
the combination of separation and detection of triazole, dicarboximide and 
benzimidazole fungicides have not been attempted using MEKC. Herein, the study 
was undertaken to explore the potential of MEKC use in the separation. However, 
due to some limitation with UV detector, detection limits with MEKC was found 
higher than other separation technique. To overcome the problem, two on-line 
preconcentration techniques were implemented to lower the detection limit of 
analytes. Since the use of on-line preconcentration techniques are quite new, attempts 
were made to separate fungicides with the optimized conditions in order to achieve 
lower detection limits. 
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1.2 Summary 
 
  
 An introduction to pesticide and CE system in general with research 
objectives and scopes are discussed in Chapter 2.  
 
 
All experimental work including instruments, reagents and chemicals used 
are described in Chapter 3.  
 
 
Chapter 4 explores the separation of the selected four fungicides with borate 
buffer system. Optimization of the separation conditions such as borate concentration 
and pH, SC concentration, applied voltage, addition of organic solvents and 
modifiers were varied to obtain the optimum conditions for the separation of the four 
fungicides. Quantitative analysis was done using the developed optimum conditions 
to obtain the calibration curves, detection limits and reproducibility of separation. 
Apart from using conventional optimization technique, a factorial design technique 
for optimization was also carried out and compared. A full factorial design at two 
levels with five factors (25) were implemented in the fungicides separation.  
 
 
 Optimizations of separation conditions with formate buffer system were 
explored in Chapter 5. Formate concentration and pH, SC concentration, separation 
voltage, addition of organic solvents (methanol and acetonitrile) and organic 
modifiers (β-cyclodextrin and γ-cyclodextrin) were varied. The optimum conditions 
obtained were then used to test the analytical performance of the developed method. 
The analytical performances with different buffer systems (borate and formate) were 
also compared.  
 
 
In Chapter 6, two on-line preconcentration techniques were used to enhance 
the sensitivity of the system. Normal stacking mode MEKC with hydrodynamic 
injection (NSM-MEKC-HDI) and electrokinetic injection (NSM-MEKC-EKI) and 
sweeping were used in an attempt to further reduce the limit of detection. For NSM-
MEKC-HDI, sample matrix concentrations and injections were varied. Concentration 
of sample matrix, injection voltage and injection time were also varied to obtain 
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optimum results with NSM-MEKC-EKI. For both stacking technique, formate buffer 
was used as the sample matrix. In sweeping MEKC, only injection time of the 
analytes was varied.  
 
 
Finally in Chapter 7, the conclusions of the research are presented and 
suggestions made for future study.  
 
 
 
 
 
REFERENCES 
 
 
 
 
1. Abdul Hamid Mar Iman. Perlindungan Tanaman dalam Penilaian Harta 
Tanah Pertanian. Kuala Lumpur: Dewan Bahasa dan Pustaka. 1992.  
2. Baharuddin Salleh. Racun Kulat: Aspek Kimia dan Penggunaannya dalam 
Pengawalan Penyakit Tumbuhan. Kuala Lumpur: Dewan Bahasa dan 
Pustaka. 1988. 
3. Page, B. G. and Thomson, W. T. The Insecticides, Herbicides, Fungicides 
Quick Guide. California: Thomson Publication. 1988. 
4. Ismail Sahid. Masalah Semasa Alam Sekitar Malaysia. Bangi: Penerbit 
UKM. 1985. 
5. Ismail Sahid. Racun Makhluk Perosak. Bangi: Penerbit UKM. 1988. 
6. Cairns, T. and Sherma, J. Emerging Strategies for Pesticides Analysis: 
Modern Methods for Pesticide Analysis. Florida: CRC Press. 1992. 
7. Peñuela, G.A. and Barceló D. Photodegradation and Stability of 
Chlorothalonil in Water Studied by Solid-Phase Disk Extraction, followed 
by Gas Chromatographic Techniques. J. Chromatogr A. 1998. 823:81-90. 
8. Vassilakis, I., Tsipi, D. and Scoullos, M. Determination of a Variety of 
Chemical Classes of Pesticides in Surface and Ground Water by Off-line 
Solid-Phase Extraction, Gas Chromatography with Electron-Capture and 
Nitrogen-Phosphorus Detection and High Performance Liquid 
Chromatography with Post Column Derivatization and Fluorescence 
Detection. J. Chromatogr A. 1998. 823: 9-58. 
9. Columé, A., Cárdenas, S, Gallego, M. and Valcárcel, M. Simplified Method 
for the Determination of Chlorinated Fungicides and Insecticides in Fruits 
by Gas Chromatography. J. Chromatogr. A. 2000. 882: 1993-203. 
10. Sasano, R., Hamada, T., Kurano, M. and Furuno. On-line Coupling of 
Solid-Phase Extraction to Gas Chromatography with Fast Solvent 
 109
Vaporization and Concentration in an Open Injector Line: Analysis of 
Pesticides in Aqueous Samples. J. Chromatogr. A. 2000. 896: 41-49. 
11. Bernel, J. L., de Nozala, M. J., Rivera, J. M., Jiménez, J. J. and Atienza, J. 
Determination of the Fungicide Vinclozolin in Honey and Bee Larvae by 
Solid-Phase and Solvent Extraction with Gas Chromatography and 
Electron-Capture and Mass Spectrometric Detection. J. Chromatogr. A. 
1996. 754: 507-513. 
12. Garrido, J., de Alba, M., Jimenez, I., Casado, E. and Folgueiras, M. L. 
Chromatographic Analysis of Imazalil and Carbendazim in Fruits: Method 
Validation and Residue Monitoring Program 1995. J. Chromatogr. A. 1997. 
765: 91-97. 
13. Guardino, X., Obiols, J. Rosell, M. G., Farran, A. and Serra, C. 
Determination of Chlorpyrifos in Air, Leaves and Soil from a Greenhouse 
by Gas-Chromatography with Nitrogen-Phosphorus Detection, High 
Performance Liquid Chromatography and Capillary Electrophoresis. J. 
Chromatogr. A. 1998.  823: 91-96. 
14. Fernandez-Alba, A. R., Agüera, A. Contreras, M. Penuela, G., Ferrer, I., 
and Barceló, D. Comparison of Various Sample Handling and Analytical 
Procedures for the Monitoring of Pesticides and Metabolites in Ground 
Waters. J. Chromatogr. A. 1998. 823: 35-47. 
15. Lambropoulou, D. A., Konstanttinou, I. K. and Albanis, T. A. 
Determination of Fungicides in Natural Waters using Solid-Phase 
Microextraction and Gas Chromatography Coupled with Electron Capture 
and Mass Spectrometric Detection. J. Chromatogr. A. 2000. 893: 143-156. 
16. Otero, R. R., Ruiz, C. Y., Grande, B. C. and Gándara, J. S. Solid-phase 
Microextraction-Gas-Chromatography-Mass Spectrometric Method for the 
Determination of the Fungicides Cyprodinil and Fludioxonil in White 
Wines. J. Chromatogr. A. 2002. 942: 41-52. 
17. Brito, N. M., Navickiene, S., Polese, L., Jardim, E.F.G., Abakerli, R. B. and 
Ribeiro, M. L. Determination of Pesticide Residues in Coconut Water by 
Liquid-Liquid Extraction and Gas Chromatography with Electron Capture 
Plus Thermionic Specific Detection and Solid-Phase Extraction and High-
Performance Liquid Chromatography with Ultraviolet Detection. J. 
Chromatogr. A. 2002. 957: 201-209. 
 110
18. Boussahel, R., Bouland, S., Moussaoui, K. M., Baudu, M. and Montiel A. 
Determination of Chlorinated Pesticides in Water by SPME/GC. Water Res. 
2002. 36: 1909-1911. 
19. Navarro, M., Picó, Y., Marin, R. and Manes, J. Application of Matrix Solid-
Phase Dispersion to the Determination of a New Generation of Fungicides 
in Fruits and Vegetables. J. Chromatogr. A. 2002. 968: 201-209. 
20. Arrebola, F. J., Vidal, J. L. M., Mateu-Sánchez, M. and Álvarez-Castellón, 
F. J. Determination of 81 Multiclass Pesticides in Fresh Foodstuffs by a 
Single Injection Analysis using Gas Chromatography–Chemical Ionization 
and Electron Ionization Tandem Mass Spectrometry. Anal. Chim. Acta. 
2003. 484: 167-180. 
21. Lambropoulou, D. A. and Albanis, T. A. Determination of the Fungicides 
Vinclozolin and Dicloran on Soils using Ultrasonic Extraction Coupled 
with Solid-Phase Microextraction. Anal. Chim. Acta. 2004. 514: 125-130. 
22. Arenas, R. V., Rahman, H. and Johnson. N., A. Determination of 
Thiabendazole Residues in Whole Citrus Fruits by Liquid Chromatography 
with Fluorescence Detection. J. AOAC Intl. 1996. 79:  579-581. 
23. Junker-Buchheit, A. and Witzenbancher, M. Pesticides Monitoring of 
Water with the Help of Solid-phase Extraction and High Performance 
Liquid Chromatography. J. Chromatogr. A. 1996. 737: 67-74. 
24. Blasco, C. Picó, Y., Mañes, J. and Font G. Determination of Fungicides 
Residues in Fruits and Vegetables by Liquid Chromatography-Atmospheric 
Pressure Chemical Ionization Mass Spectrometry. J. Chromatogr. A. 2002. 
947: 227-235. 
25. Arenas, R. V., Rahman, H. and Johnson. N., A. Determination of 
Thiabendazole Residues in White and Sweet Potatoes by Liquid 
Chromatography with Fluorescence Detection. J. AOAC Intl. 1995. 78: 
1455-1458. 
26. Plakas, S. M., Said, K. R. E., Stehly, G. R. and Roybal, H. E. Optimization 
of a Liquid Chromatographic Method for Determination of Malachite 
Green and Its Metabolites in Fish Tissue. J. AOAC Intl. 1995. 78(6): 1388-
1392. 
27. Sabik, H. and Jeannot, R. Determination of Organonitrogen Pesticides in 
Large Volumes of Surface Water by Liquid–Liquid and Solid-Phase 
 111
Extraction using Gas Chromatography with Nitrogen–Phosphorus 
Detection and Liquid Chromatography with Atmospheric Pressure 
Chemical Ionization Mass Spectrometry. J. Chromatogr. A. 1998. 818: 197-
207. 
28. Muccio, A., Girolimetti, S., Barbini, D. A., Pelosi, P., Generali, T., Vergori, 
L., Merulis, G. D., Leonelli, A. and Stefanelli, P. Selective Clean-up 
Applicable to Aqueous Acetone Extracts for the Determination of 
Carbendazim and Thiabendazole in Fruits and Vegetables by High-
Performance Liquid Chromatography with UV Detection. J. Chromatogr. 
A. 1999. 833: 61-65. 
29. Sandahl, M. Úlfsson, E. and Mathiasson, L. Automated Determination of 
Vinclozolin at the ppb Level in Aqueous Samples by a Combination of 
Microporous Membrane Liquid-liquid Extraction and Adsorption 
Chromatography. Anal. Chim. Acta. 2000. 424: 1-5. 
30. Hernádez, F., Sancho, J.V., Pozo, O., Lara, A. and Pitarch, E. Rapid Direct 
Determination of Pesticides and Metabolites in Environmental Water 
Samples at sub-μg/l Level by On-line Solid-Phase Extraction-Liquid 
Chromatography-Electrospray Tandem Mass Spectrometry. J.  
Chromatogr. A. 2001. 939: 1-11. 
31. Blasco, C., Font G. and Picó, Y. Comparison of Microextraction Procedure 
to Determine Pesticide in Oranges by Liquid Chromatography – Mass 
Spectrometry.  J. Chromatogr. A. 2002. 970: 201-212. 
32. Millían, S., Sampedro, M. C., Unceta, N., Goicolea, M. A., Rodríguez, E. 
and Barrio, R. J. Coupling Solid-Phase Microextraction And High-
Performance Liquid Chromatography for Direct and Sensitive 
Determination of Halogenated Fungicides in Wine. J. Chromatogr. A. 2003. 
995: 135-142. 
33. Halko, R., Sanz, C. D., Ferrera, Z. S. and Rodríquez, J. J. S. Determination 
of Benzimidazole Fungicides by HPLC with Fluorescence Detection after 
Micellar Extraction. Chromatographia. 2004. 60: 151-156. 
34. Bernal, J. L., Jiménez, J. J., Rivera, J. M., Toribio, L. and del Nozal, M. J. 
On-line Solid-Phase Extraction Coupled to Supercritical Fluid 
Chromatography with Diode Array Detection for the Determination of 
Pesticides in Water. J. Chromatogr. A. 1996. 754: 145-157. 
 112
35. Toribio, L., del Nozal, M. J., Bernal, J. L., Jim´enez, J. J. and C. Alonso. 
Chiral Separation of Some Triazole Pesticides by Supercritical Fluid 
Chromatography. J. Chromatogr. A. 2004. 1046: 249-253. 
36. Murugaverl, B., Voorhees, K. J. and DeLuca, S. J. Utilization of a 
Benchtop Mass Spectrometer with Capillary Supercritical Fluid 
Chromatography. J. Chromatogr. A. 1993. 633: 195-205. 
37. Ravanel, P., Liegeois, M. H., Chevallier, D. and Tissut, M. Soil Thin-Layer 
Chromatography and Pesticide Mobility through Soil Microstructures: New 
Technical Approach. J. Chromatogr. A. 1999. 864: 145-154. 
38. Tuzimski, T. and Soczewinski, E. Correlation of Retention Parameters of 
Pesticides in Normal- and Reversed-Phase Systems and their Utilization for 
the Separation of a Mixture of 14 Triazines and Urea Herbicides by Means 
of Two-Dimensional Thin-Layer Chromatography. J. Chromatogr. B. 2002. 
961: 277-283 
39. Tellier, F., Frits, R., Lerous, P., Sinclair, A. C. and Cherton, J. C. Metabolis 
of Cymoxanil and Analogs in Strains of the Fungus Botrytis Cinerea using 
High-Performance Liquid Chromatography and Ion-Pair High-Performance 
Thin-Layer Chromatography. J. Chromatogr. B. 2002. 769: 35-46. 
40. Camilleri, P. Capillary Electrophoresis: Theory and Practice. 2nd Ed. UK: 
CRC Press. 1998. 
41. Tanaka, Y., Kishimoto, Y. and Terabe, S. Analysis of Charged 
Cyclodextrin Derivatives by On-line Capillary Electrophoresis-Ionspray-
Mass Spectrometry. Anal. Sci. 1998. 14: 383-388. 
42. Ferdig, M. Kaleta, A., Vo, T. D. T. and Buchberger, W. Improved Capillary 
Electrophoretic Separation of Nine (Fluoro)quinolones with Fluorescence 
Detection for Biological and Environmental Samples. J. Chromatogr. A. 
2004. 1047: 305-311. 
43. Wu, C. H., Chen, M. C., Su, A. K., Shu, P. Y., Chou, S. H. and Lin, C. H. 
Determination of Corticosterone in Mouse Plasma by Sweeping Technique 
using Micellar Electrokinetic Chromatography. J. Chromatogr. B. 2003. 
758: 317-325. 
44. Knudsen, C. B. and Beattie, J. H. On-line Solid-Phase Extraction-Capillary 
Electrophoresis for Enhanced Detection Sensitivity and Selectivity: 
 113
Application to the Analysis of Metallothhionein Isoforms in Sheep Fatal 
Liver. J. Chromatogr. A. 1997. 792: 467-473. 
45. Bo, T., Yang, X., Liu, F. Li, K. A., Xiu, L. and Liu, H. Optimized 
Separation of Pharmacologically Active Xanthose from Securidaca 
inappendiculate by Micellar Electrokinetic Chromatography and 
Microemulsion Electrokinetic Chromatography. Anal. Chim. Acta. 2002. 
474: 37-48. 
46. Gomis, D. B., González, L. L. and Álvares, D. G. Micellar Electrokinetic 
Capillary Chromatography Analysis of Water-Soluble Vitamins. Anal. 
Chim. Acta. 1999. 396: 55-60. 
47. Hu, Q., Zhou, T., Zhang, L., Li, H. and Fang, Y. Separation and 
Determination of Three Water-Soluble Vitamins in Pharmaceutical 
Preparations and Food by Micellar Electrokinetic Chromatography with 
Amperometric Electrochemical Detection. Anal. Chim. Acta. 2001. 437: 
123-129. 
48. Shang, X. and Yuan, Z. Determination of Hydroxyanthraquinoids in 
Rhubarb by Cyclodextrin-Modified Micellar Electrokinetic 
Chromatography using a Mixed Micellar System of Sodium Dodecyl 
Sulphate and Sodium Cholate. J. Pharm. Biomed. Anal. 2003. 31: 75-81. 
49. Kuo, C. H. and Sun, S. W. Analysis of Nine Rhubarb Anthraquinones and 
Bianthrones by Micellar Electrokinetic Chromatography using 
Experimental Design. Anal. Chim. Acta. 2003. 482: 47-58. 
50. Gu, Y. S. and Whang, C. W. Capillary Electrophoresis of Baclofen with 
Argon-Ion Laser-Induced Fluorescence Detection. J. Chromatogr. A. 2002. 
972: 289-293. 
51. Feng, H. T. and Li, s. F. Y. Determination of five toxic alkaloids in two 
common herbal medicines with capillary electrophoresis. J. Chromatogr. A. 
2002. 973: 243-347. 
52. Loos, R. and Niessner, R. Analysis of Aromatic Sulfonated in Water by 
Solid-Phase Extraction and Capillary Electrophoresis. J. Chromatogr. A. 
1998. 822: 291-303. 
53. Harino, H., Tsunoi, S., Sato, T. and Tanaka, M. Applicability of Micellar 
Electrokinetic Chromatography to the Analysis of Estrogens in Water. 
Fresenius J. Anal. Chem. 2000. 371: 546-547. 
 114
54. Wu, Y. S., Lee, H. K. and Li, S. F. Y. Separation and Determination of 
Pesticides by Capillary Electrophoresis. II. Determination of N-
methylcarbamates in Drinking Water by Micellar Electrokinetic 
Chromatography with SPE and On-column Enrichment. J.  Microcolumn 
Sep. 1998. 10(6): 529-535. 
55. Turiel, E. Fernández, P. Pérez-Conde, C. and Cámara, C. On-line 
Concentration in Micellar Electrokinetic Chromatography for Triazine 
Determination in Water Samples of Three Different Stacking Modes. 
Analyst. 2000. 125: 1725-1731. 
56. Turiel, E., Fernández, P., Pérez-Conde, C. and Cámara, C. Trace-level 
Determination of Triazines and Several Degradation Products in 
Environmental Waters by Disk Solid-Phase Extraction and Micellar 
Electrokinetic Chromatography. J. Chromatogr. A. 2000. 872: 299-307. 
57. Song, X. and Budde, W. L. Determination of Chlorinated Acid Herbicides 
and Related Compounds in Water by Capillary Electrophoresis-Electrospay 
Negative Ion Mass Spectrometry. J. Chromatogr. A. 1998. 829: 327-340. 
58. Chicharro, M., Zapardiel, A., Bermejo, E. and Moreno, M. Determination 
of 3-amino-1,2,4-triazole (amitrole) in Environmental Waters by Capillary 
Electrophoresis. Talanta. 2003. 59: 37-45. 
59. Razee, S., Tamura, A. and Masujima, T. Improvement in the Determination 
of Food Additive Dyestuffs by Capillary Electrophoresis using β-
cyclodextrin. J. Chromatogr. A. 1995. 715: 179-188. 
60. McLaughlin, G. M., Weston, A. and Hauffe, K. D. Capillary 
Electrophoresis Methods Development and Sensitivity Enhancement 
Strategies for the Separation Of Industrial and Environmental Chemicals. J. 
Chromatogr. A. 1996. 744: 123-134. 
61. Boyce, M. C, Hadda, P. R. and Sostaric, T. Determination of Flavour 
Components in Natural Vanilla Extracts and Synthetic Flavourings by 
Mixed Micellar Electrokinetic Capillary Chromatography. Anal. Chim. 
Acta. 2003. 485: 179-186. 
62. Kubáñ, P., Kubáñ, P. and Kubáñ, V. Capillary Electrophoresis 
Determination of Inorganic Anions in the Drainage and Surface Water 
Samples. J. Chromatogr. A. 1999. 848: 545-551. 
 115
63. Wu, Y. S., Lee, H. K. and Li, S. F. Y. High-Performance Chiral Separation 
of Fourteen Triazole Fungicides by Sulfated β-cyclodextrin-Mediated 
Capillary Electrophoresis. J. Chromatogr. A. 2001. 912: 171-179. 
64. Clothier, J. G., Daley, L. M. and Tomellini, S. A. Effects of Bile Salt 
Structure on Chiral Separations with Mixed Micelles of Bile Salts and 
Polyxythylene Ethers using Micellar Electrokinetic Chromatography. J. 
Chromatogr. B. 1996. 683: 37-45. 
65. Riekkola, M. L., Weidmer, S. K., Valkó, I. E. and Sirén, H. Selectivity in 
Capillary Electrophoresis in the Presence of Micelle, Chiral Selectors and 
Non-Aqueous Media. J. Chromatogr. A. 1997. 792: 13-35. 
66. Baker, D. R., Capillary Electrophoresis. New York: John Wiley & Sons 
Inc. 1995. 
67. Galceran, M. T., Carneiro, M. C., Diez M. and L. Puignou. Separation of 
Quaternary Ammonium Herbicides by Capillary Electrophoresis with 
Indirect UV Detection. J. Chromatogr. A. 1997. 782: 289-295. 
68. Kawazumi, H., Song, J. M., Inoue, T. and Ogawa, T. Application of an 
Avalanche Photodiode in a near-Geiger Operation as a Fluorescence 
Detector for Capillary Electrophoresis. J. Chromatogr. A. 1996. 744: 31-36. 
69. Liu, X., Ma, L., Lin. Y. W. and Lu. Y. T. Determination of Abscisic Acid 
by Capillary Electrophoresis with Laser-Induced Fluorescence Detection. J. 
Chromatogr. A. 2003. 1021: 209-213. 
70. Takeda, S., Fukushi, K., Chayama, K., Nakayama, Y., Tanaka, Y. and 
Wakida, S. Simultaneous Separation and On-line Concentration of Amitrole 
and Benzimidazole Pesticides by Capillary Electrophoresis with a Volatile 
Migration Buffer Applicable to Mass Spectrometric Detection. J. 
Chromatogr. A. 2004. 1051: 297-301. 
71. Valsecchi, S., Tartari, G. and Polesello, S. Determination of Anions in 
Rainwater by Capillary Electrophoresis with Conductivity Detection. J. 
Chromatogr. A. 1997. 760: 63-71. 
72. Hilmi, A., Luong, J. H. T. and An-Lac Nguyen. Capillary Electrophoretic 
Separation of Chlorophenols using Amperometric Detection. J. 
Chromatogr. A. 1997. 761: 259-268. 
73. Ivanov, A. R., Nazimov, I. V., Lobazov, A. P. and G. B. Popkovich. Direct 
Determination of Amino Acids and Carbohydrates by High-Performance 
 116
Capillary Electrophoresis with Refractometric Detection. J. Chromatogr. A. 
2000. 894: 253-257. 
74. Lin, C. E., Wang, T. Z., Huang, H. C., Hsueh, C. C. and Liu, Y. C. 
Capillary Zone Electrophoretic Separation of Neutral Species of chloro-s-
triazines in the Presence of Cationic Surfactant Monomers. J. Chromatogr. 
A. 2000. 878: 137-145. 
75. Blanco, E. Casais, M. C. and Cela, M. R. Comparative Study of Aqueous 
and Non Aqueous Capillary Electrophoresis in the Separation of 
Halogenated Phenolic and Bisphenolic Compounds in Water Samples. J. 
Chromatogr. A. 2005. 1068: 189-199. 
76. Farran, A.  and Ruiz, S. Application of Solid-Phase Extraction and Micellar 
Electrokinetic Capillary Chromatography to the Study of Hydrolytic and 
Photolytic Degradation of Phenoxy Acid and Phenylurea Herbicides. J. 
Chromatogr. A. 2004. 1024: 267-274. 
77. Luo, S., Feng, J. and Pang, H. M. High-throughput Protein Analysis by 
Multiplexed Sodium Dodecyl Sulfate Capillary Gel Electrophoresis with 
UV Absorption Detection. J. Chromatogr. A. 2004. 1051: 131-134. 
78. Righetti, P. G. Determination of the Isoelectric Point of Proteins by 
Capillary Isoelectric Focusing. J. Chromatogr. A. 2004. 1037: 491-499. 
79. Meissner, T. and Niess, M. Isotachophoretic Separation of Alkylsulfonates 
and Determination of Methanesulfonic Acid as Main Component and as 
Trace Component in Pharmaceutical Drug Substances. J. Chromatogr. A. 
2004. 1035: 271-275. 
80. Abidi, S. L. Capillary Electrochromatography of Sterols and Related Steryl 
Esters Derived from Vegetable Oils. J. Chromatogr. A. 2004. 1059: 199-
208. 
81. Terabe, S., Otsuka, K. Ichikawa, K., Tsuchiya, A. and Ando, T. 
Electrokinetic Separations with Micellar Solutions and Open-Tubular 
Capillaries. Anal. Chem. 1984. 56: 111-113. 
82. Takeda, S., Wakida, S, Yamane, M., Higashi, K and Terabe, S. Effect of the 
Polar Groups of Anionic Surfactant on Migration Behavior in Micellar 
Electrokinetic Chromatography. J. Chromatogr. A. 1997. 781: 11-16. 
83. Lin, C. E., Liu, Y. C., Yang, T. Y., Wang, T. Z. and Yang, C. C. On-line 
Concentration of s-Triazine Herbicides in Micellar Electrokinetic 
 117
Chromatography using a Cationic Surfactant. J. Chromatogr. A. 2001. 976: 
239-245. 
84. Kim, J. B., Quirino, J. P., Otsuka, K. and Terabe, S. On-line Sample 
Concentration in Micellar Electrokinetic Chromatography using Cationic 
Surfactants. J. Chromatogr. A. 2001. 916: 123-130. 
85. Monton, M. R. N., Otsuka, K and Terabe, S. On-line Preconcentration in 
Micellar Electrokinetic Chromatography by Sweeping with Anionic-
zwitterionic Mixed Micelles. J. Chromatogr. A. 2003. 985: 435-445. 
86. Monton, M., R., N., Quirino, J., O., Otsuka, K., and Terabe, S. Separation 
and On-line Preconcentration by Sweeping of Charged Analytes in 
Electrokinetic Chromatography with Nonionic Micelles.  J. Chromatogr. A. 
2003. 939: 99-108. 
87. Rodríguez, R., Picó, Y., Font, G., Mañes, J. Analysis Of Post-Harvest 
Fungicides By Micellar Electrokinetic Chromatography. J. Chromatogr. A. 
2001. 924: 387-396. 
88. Aquilar, M., Farran, A. Serra, C. Sepaniak, M. J. and Whitaker, K. W. Use 
of Different Surfactants (Sodium Dodecyl Sulfate, Bile Salts and Ionic 
Polymers) in Micellar Electrokinetic Capillary Chromatography: 
Application to the Separation of Organophosphorus Pesticides. J. 
Chromatogr. A. 1997. 778: 201-205. 
89. Jiang, J. and Lucy, C. A. Determination of Alkylphosphonic Acids using 
Micellar Electrokinetic Chromatography with Laser-Induced Fluorescence 
Detection and High-Salt Stacking. J. Chromatogr. A. 2002. 966: 239-244. 
90. Penmetsa, K. V., Leidy, R. B. and Shea, D. Herbicide Analysis by Micellar 
Electrokinetic Capillary Chromatography. J. Chromatogr. A. 1996. 745: 
201-208. 
91. Gang Chen, Jianxia Zhang and Jiannong Ye. Determination of Puerarin, 
Daidzein and Rutin in Pueraria lobata (Wild.) Ohwi by Capillary 
Electrophoresis with Electrochemical Detection. J. Chromatogr. A. 2001. 
923: 255-262. 
92. Pyell. U. Micellar Electrokinetic Chromatography – from the Theoretical 
Concepts to Real Samples. Fresenius J. Anal. Chem. 2001. 371: 691-703. 
 118
93. Malik, A. K. and Faubel, W. Capillary Electrophoretic Determination of 
Dithiocarbamates and Ethyl Xanthate. Fresenius J. Anal. Chem. 2000. 367: 
211-214. 
94. Núñez, O., Moyano, E., Puignou, L. and Galceran, M. T. Sample Stacking 
with Matrix Removal for the Determination of Paraquat, Diquat and 
Difenzoquat in Water by Capillary Electrophoresis. J. Chromatogr. A. 
2001. 912: 353-361. 
95. Núñez, O., Moyano, E., Puignou, L. and Galceran, M. T. Solid-Phase 
Extraction and Sample Stacking-Capillary Electrophoresis for the 
Determination of Quaternary Ammonium Herbicides in Drinking Water. J. 
Chromatogr. A. 2002. 946: 275-282. 
96. Khrolenko, M, Dżygiel, P and Wieczorek, P. Combination of Supported 
Liquid Membrane and Solid-Phase Extraction for Sample Pretreatment of 
Triazine herbicids in Juice Prior to Capillary Electrophoresis 
Determination. J. Chromatogr. A. 2002. 975: 219-227. 
97. Valenzuela, M. I. A., Diaz, T. G., Diez, N. M. and Rodríquez, A. S. 
Determination of Neutral and Cationic Herbicides in Water by Micellar 
Electrokinetic Capillary Chromatography. Anal. Chim. Acta. 2004. 519: 65-
71. 
98. Martínez, R. C., Gonzalo, E. R., Ruiz, P. R., Álvarez, J. D. Solid-Phase 
Extraction and Sample Stacking-Micellar Electrokinetic Capillary 
Chromatography for the Determination of Multiresidues of Herbicides and 
Metabolites. J. Chromatogr. A. 2003. 990: 291-302. 
99. Carretero, A. S., Blanco, C. C., Durán, S. P. and Gytiérrez, A. F. 
Determination of Imidacloprid and its Metabolite 6-chlorocinotonic Acid in 
Greenhouse air by Application of Micellar Electrokinetic Capillary 
Chromatography with Solid-Phase Extraction. J. Chromatogr. A. 2003. 
1003: 189-195. 
100. da Silva, C. L., Lima, E. C. and Tavares, F. M. Investigation of 
Preconcentration Strategies for the Trace Analysis of Multi-Residue 
Pesticides in Real Samples by Capillary Electrophoresis. J. Chromatogr. A. 
2003. 1014: 10-116. 
101. Shakulashvili, N.,Revia, R. Steiner, F. and Engelhardt, H. Simultaneous 
Determination of Various Classes of Pesticides using Micellar 
 119
Electrokinetic Capillary Chromatography in Combination with Solid-Phase 
Extraction. Chromatographia. 2004. 60: 145-150. 
102. Frías, S., Sánchez, M. J. and Rodríguez, M. A. Determination of Triazine 
Compounds in Ground Water Samples by Micellar Electrokinetic 
Chromatography. Anal. Chim. Acta. 2004. 503: 271-278. 
103. Kim, J. B. and Terabe, S. On-line Sample Preconcentration Technique in 
Micellar Electrokinetic Chromatography. J. Pharm. Biomed. Anal. 2003. 
30: 1625-1643. 
104. Quirino, J. P., Kim, J. B. and Terabe, S. Sweeping: Concentration 
Mechanism and Application to High-Sensitivity Analysis in Capillary 
Electrophoresis. J. Chromatogr. A. 2003. 965: 357-373. 
105. Osbourn, D. M., Weiss, D. J. and Lunte, C. E. On-line Preconcentration 
Method for Capillary Electrophoresis. Electrophoresis. 2000. 21: 2768-
2779. 
106. Borgez, J. H., Garcia, S. F., Cifuentes, A and Delgado, M. A. R. Pesticide 
Analysis by Capillary Electrophoresis. J. Sep. Sci. 2004. 27: 947-963. 
107. Picó, Y., Rodríguez, R and Mañes, J. Capillary Electrophoresis for the 
Determination of Pesticide Residues. Trends in Anal. Chem. 2003. 22: 133-
151. 
108. Chen, H. S., and Ding, W. H. Analysis of Naphthalenesulfonate 
Compounds by Cyclodextrin-Mediated Capillary Electrophoresis with 
Sample Stacking. J. Chromatogr. A. 2003. 996: 205-212. 
109. Palmer, J. F. High-salt Stacking Principles and Sweeping: Comments and 
Contrasts on Mechanism for High-Sensitivity Analysis in Capillary 
Electrophoresis. J. Chromatogr. A. 2004. 1036: 95-100. 
110. Palmer, J., Munro, N. J. and Landers, J. P. A Universal Concept for 
Stacking Neutral Analytes in Micellar Capillary Electrophoresis. Anal. 
Chem. 1999. 71: 1679-1687. 
111. Chien, R. L. and Burgi, D. S. Sample Stacking of an Extremely Large 
Injection Volume in High-Performance Capillary Electrophoresis. Anal. 
Chem. 1992. 64: 1046-1050. 
112. Kim, J. B., Otsuka, K. and Terabe, S. Anion Selective Exhaustive Injection-
Sweep-Micellar Electrokinetic Chromatography. J. Chromatogr. A. 2001. 
932: 129-137. 
 120
113. Núñez, O., Kim, J. B., Moyano, E., Puignou, L., Galceran, M. T. and 
Terabe, S. Analysis of the Herbicides Paraquat, Diquat and Difenzoquat in 
Drinking Water by Micellar Electrokinetic Chromatography using 
Sweeping and Cation Selective Exhaustive Injection. J. Chromatogr. A. 
2002. 961: 65-75. 
114. Quirino, J. P. and Terabe, S. Approaching a Million-Fold Sensitivity 
Increase in Capillary Electrophoresis with Direct Ultraviolet Detection: 
Cation-Selective Exhaustive Injection and Sweeping. Anal. Chem. 2000. 
72: 1023-1030. 
115. Takade, S., Omura, A., Chayama, K., Tsuji, H., Fukushi, K., Yamane, M., 
Wakida, S., Tsubota, S. and Terabe, S. Separation and On-line 
Concentration of Bisphenol A and Alkylphenols by Micellar Electrokinetic 
Chromatography with Anionic Surfactant. J. Chromatogr. A. 2003. 1014: 
103-107. 
116. Quirino, J. P. and Terabe, S. Sweeping of Analyte Zones in Electrokinetic 
Chromatography. Anal. Chem. 1999. 71: 1638-1644. 
117. Quirino, Terabe, S. and Bocek, P. Sweeping of Neutral Analytes in 
Electrokinetic Chromatography with High-Salt-Containing Matrixes. Anal. 
Chem. 2000. 72: 1934-1940. 
118. Quirino, J. P. and Terabe, S. On-line Concentration of Neutral Analytes for 
Micellar Electrokinetic Chromatography. 3. Stacking using Reverse 
Migration Micelles. Anal. Chem. 1998. 70: 149-157. 
119. Rodríguez, R., Picó, Y., Font, G., Mañes, J. Analysis Of Thiabendazole and 
Procymidone in Fruits and Vegetables by Capillary Electrophoresis-
Electrospray Mass Spectrometry. J. Chromatogr. A. 2002. 949: 359-366. 
120. Quirino, J. P., Inoue, N. And Terabe, S. Reversed Migration Micellar 
Electrokinetic Chromatography With Off-line And On-line Concentration 
Analysis Of Phenylurea Herbicides. J. Chromatogr. A. 2000. 892: 187-194. 
121. Quirino, J. P., Otsuka, K. and Terabe, S. On-line Concentration of Neutral 
Analytes for Micellar Electrokinetic Chromatography. VI. Stacking using 
Reverse Migration Micelles and Water Plug. J. Chromatogr. B. 1998. 714: 
29-38. 
 121
122. Quirino, J. P., Otsuka, K. and Terabe, S. On-line Concentration of Neutral 
analytes for Micellar Electrokinetic Chromatography. IV. Field-Enhanced 
Sample Injection. J. Chromatogr. A. 1998. 798: 251-257. 
123. Wang, S., Wu, S., Ju, Y., Chen, X., Zheng, W. and Hu, Z. On-line 
Preconcentration by Field-Enhancement Sample Injection with Reverse 
Migration micelles in Micellar Electrokinetic Capillary Chromatography 
for the Analysis of flavonoids in Epimedium brevicornum Maxim. J. 
Chromatogr. A. 2003. 1017: 27-34. 
124. Otsuka, K., Matsumura, M., Kim, J. B. and Terabe, S. On-line 
Preconcentration and Enantioselective Separation of Triadimenol by 
Electrokinetic Chromatography using Cyclodextrins as Chiral Selectors. J. 
Pharm. Biomed. Anal. 2003.  30: 1861-1867. 
125. Kim, J. B., McKibbin, P. B., Hirokawa, T. and Terabe, S. Mechanistic 
Study on Analyte Focusing by Dynamic pH Junction in Capillary 
Electrophoresis using Computer Simulation. Anal. Chem. 2003. 75: 3986-
3993. 
126. Kim, J. B., Okomoto, Y. and Terabe, S. On-line Sample Preconcentration 
of Cationic Analytes by Dynamic pH junction in Capillary Electrophoresis. 
J. Chromatogr. A. 2003. 1018: 251-256. 
127. Penmetsa, K. V., Leidy, R. B. and Shea, D. Separation of Fungicides by 
Micellar Electrokinetic Chromatography. Electrophoresis. 1997. 18: 235-
240. 
128. Ozaki, H., Itou, N., Terabe, S., Takada, Y., Sakairi, M. and Koizumi, H. 
Micellar Electrokinetic Chromatography-Mass Spectrometry using a High-
Molecular-Mass Surfactant: On-line Coupling with an Electrospray 
Ionization Interface.  J. Chromatogr. A. 1995. 716: 69-79. 
129. Li, S. F. Y. Capillary Electrophoresis: Principles, Practice and 
Applications. Amsterdem: Elsevier.  1995. 
 
 
